Applying the concepts of molecular tectonics, 1 combinations of organic coordinating tectons with metal ions, complexes or clusters acting as metallic nodes by self-assembly processes lead to the formation of coordination networks (CNs), also known as coordination polymers (CPs), of different dimensionalities (1D, 2D, 3D). This type of architectures in the crystalline phase has attracted considerable interest over the last two decades because of their possible applications in, for example, gas storage, catalysis or artificial photosynthesis.
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Among a very large variety of CPs and CNs reported to date, homochiral architectures 3 based on enantiopure tectons are of interest for asymmetric catalysis or as stationary phases for enantiomeric separation. Chiral amino acids and peptide derivatives are backbones of choice for the design of chiral tectons as, in addition to amino and carboxylate groups, they may be further equipped with peripheral coordinating groups. 4, 5 However, chiral tectons based on amino acids and acyclic peptides are often flexible. Although this feature may be exploited for the design of adaptable and/or responsive porous materials, 6 it may be detrimental in terms of structural stability. 7 In order to increase the predictability of the design in terms of connectivity, dimensionality and geometry, one may rigidify this type of frameworks using secondary interactions such as intra-and intermolecular H-bonding 7a or reducing the conformational space of the backbone using cyclic peptides for example. backbone, imparting thus some flexibility through C-C bond rotations. Herein we report on the design, synthesis and structural characterisation of two cyclotetrapeptide-based tectons 1 and 2 (Scheme 1) and their use for the formation of homochiral coordination polymers in the crystalline phase. Both tectons 1 and 2 are based on L-proline as the chiral centre. In both cases, the two L-proline units are interconnected into cyclic structures thanks to bis-amide junctions using either two 3-amino-5-(pyridine-4-yl)benzoate (1) or 5-aminopyridine-3-carboxylate (2) moieties as peripheral coordinating sites.
Both cyclopeptides were prepared by conventional peptide synthesis from the respective dipeptides in solution. Scheme 1 shows the synthesis of 1 as an example (see the ESI † for the synthesis of 2). The dipeptide subunit of 1 was obtained in two steps by first coupling Boc-L-proline and butyl 3-amino-5-bromobenzoate 3 10 in the presence of chlorotripyrrolidinophosphonium hexafluorophosphate (PyCloP) to give 4 followed by a Suzuki Miyaura reaction to afford 5. The butyl ester 3 was chosen to avoid transesterification during the Suzuki-Miyaura reaction. 11 Synthesis of 2 started by PyCloP-mediated coupling of Boc-L-proline and methyl 5-aminopyridine-3-carboxylate. To facilitate workup of the carboxy-deprotected tetrapeptides at a later step of the syntheses, both dipeptides were converted into the respective benzyl esters. To this end, they were saponified and the resulting free acids were esterified with benzyl alcohol using O-(1H-benzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium tetrafluoroborate (TBTU) as a coupling reagent. Chain elongation was achieved by coupling the Boc deprotected forms of these benzyl esters to the respective Boc protected free acids in the presence of TBTU. The tetrapeptides thus obtained were first hydrogenated and then Boc deprotected. Final cyclization of the corresponding products afforded 1 and 2 with cyclization yields of 16% and 52%, respectively.
The crystal structures of both tectons 1 and 2 were investigated in the solid state by single-crystal X-ray diffraction ( Fig. 1 , see the ESI † for crystallographic data). ‡ Cyclopeptide 1 crystallises in the P4 3 2 1 2 space group (tetragonal system) with two water molecules and one disordered EtOH molecule in the lattice. Tecton 1 adopts a V-shaped conformation with the two pyridyl units pointing to the same side of the cyclic backbone. The angle between the mean planes of the two phenyl units amounts to 52.0°, while the two pyridyl units are tilted with an angle of 38.6°with respect to the phenyl groups (considering the angle between the mean planes of both aromatic moieties). No direct H-bonds between consecutive cyclopeptides are observed. However, a H 2 O molecule bridges three cyclopeptides through H-bonds between NH groups of the secondary amide, CO groups of the tertiary amide and the N atom of a pyridyl moiety (distances: = 2.77 Å; = 2.78 Å; = 2.81 Å, see the ESI †).
Weak π-π interactions between pyridyl units are also observed (shortest C-C distance = 3.56 Å, see the ESI †). Tecton 2 crystallises in the P2 1 2 1 2 1 space group (orthorhombic system) with two independent CH 3 OH molecules. Again, as with tecton 1, compound 2 exhibits a V-shaped conformation with the two pyridyl units pointing towards the same face of the backbone with an angle of 51.2°between the mean planes of the two pyridyl moieties. As expected, the distance between the N atoms of the two pyridyl moieties is shorter (d N-N = 6.84 Å) than that in 1 (d N-N = 10.72 Å). Moderate H-bonding interactions are observed (distances: N Py -N NH = 2.9 Å; = 2.8 Å and = 2.7 Å). However, when compared to tecton 1, the H-bonds pattern is more intricate involving the different H-bond donor and acceptor sites of 2 and CH 3 OH molecules (see the ESI †). The structural investigations discussed above showed that both chiral compounds 1 and 2 may be described as enantiopure distorted V-shaped building units. As connecting metallatectons, both neutral CdCl 2 and HgCl 2 complexes have been chosen. The rationale behind this choice was their neutral nature, on the one hand, which should lead to neutral coordination polymers upon their combination with the neutral coordinating tectons 1 and 2. On the other hand, in principle, both CdCl 2 and HgCl 2 could behave as two connecting achiral V-shaped nodes. Thus, it was expected that combination of coordinating tectons 1 and 2 with either CdCl 2 or HgCl 2 should lead to enantiomerically pure 1D coordination polymers. Tecton 1 was combined with either CdCl 2 or HgCl 2. § Crystals thus obtained were structurally investigated by X-ray diffraction on single crystals (Fig. 2 and the ESI †). For both cases (1·CdCl 2 and 1·HgCl 2 ), crystals (C2 space group, monoclinic system) are composed of tecton 1 and the metallic node MCl 2 (M = Hg or Cd). No solvent molecules are present in the lattice. Both combinations lead to the formation of isostructural 1D coordination polymers (Fig. 2 and the ESI †) . For 1·CdCl 2 (Fig. 2) , the Cd atom adopts a slightly distorted tetrahedral geometry with its coordination sphere occupied by two pyridyl moieties of two consecutive tectons 1 (d Cd-N = 2.258(5) Å) and two chloride ions (d Cd-Cl = 2.437(3) Å). The N-Cd-N, Cl-Cd-Cl and NCd-Cl angles are 109.7Ĳ3)°, 139.20Ĳ19)°, 100.72Ĳ15)°and 102.43Ĳ16)°, respectively. Thus, as predicted, the CdCl 2 moiety behaves as a two-connecting node bridging two consecutive tectons 1 (Fig. 2a) . Within the 1D polymer, two consecutive Cd atoms are separated by ca. 18.6 Å. Similarly, for 1·HgCl 2 , the Hg atom also adopts a distorted tetrahedral coordination geometry with slightly different geometrical parameters (d Hg-N = 2.388(7) Å, d Hg-Cl = 2.377(3) Å; N-Hg-N, Cl-Hg-Cl and N-Hg-Cl angles of 98.3Ĳ4)°, 152.65Ĳ15)°, 95.7Ĳ2)°and 102.1Ĳ2)°, respectively) (see the ESI †). The distance of 18.3 Å between two Hg nodes in the chain is similar to the one observed for 1·CdCl 2 (18.6 Å). For both structures, 1 adopts overall a similar V-shaped conformation to the free form ( Fig. 1) , exhibiting, however, larger angles between the mean planes of the phenyl units of 89.8°and 89.4°for 1·CdCl 2 and 1·HgCl 2 , respectively. The tilt angle between the pyridyl and phenyl groups is slightly smaller (16.8°for 1·CdCl 2 and 13.8°f or 1·HgCl 2 ). Because of the coordination geometry adopted by the M 2+ metal ion and the conformation of tecton 1, both 1D polymers are of the zigzag type ( Fig. 2b and the ESI †). Furthermore, the presence of the NH groups and CO moieties of the secondary amide groups, oriented in opposite directions, leads to the formation of two hydrogen bonds per cyclopeptide unit. Thus, consecutive zigzag chains are interconnected along the c axis (Cd-Cd axis) through hydrogen bonds between the two NH units of a cyclopeptide belonging to one zigzag chain and the two CO moieties belonging to consecutive parallel chains (distances for (Fig. 2b and the ESI †). The consecutive zigzag chains are separated along the c axis by ca. 5.0 Å corresponding to the shortest Cd-Cd or Hg-Hg distance ( Fig. 2b and the ESI †). Finally, consecutive 1D polymers are packed in a staggered manner along the b axis ( Fig. 2a and the ESI †). Taking into account both types of interactions, i.e. coordination and hydrogen bonds, the overall architecture is a 2D hybrid H-bonding/coordination network. For both polymers, the purity of the phase was established by powder X-ray diffraction (PXRD) on microcrystalline batches which revealed a good match between the observed and simulated patterns from the XRD data (see the ESI †). Independent of the 2/HgCl 2 molar ratio, the combination of cyclopeptide 2 with HgCl 2 afforded crystalline materials § composed of a different 1D coordination network 2·HgCl 2 ·CH 3 OH (Fig. 3) . In contrast with 1·HgCl 2 , the crystal (space group C222 1 , orthorhombic system) contains, in addition to the organic tecton 2, HgCl 2 and CH 3 OH molecules. Within the lattice, two non-equivalent Hg centres (Hg1 and Hg2) are present. They differ by their coordination number, sphere and geometry. Indeed, whereas Hg1 is found to be 5-coordinated, Hg2 is 3-coordinated (Fig. 3b) . The Hg atom labelled as Hg2 is coordinated to two chloride ions and one nitrogen atom belonging to one pyridyl unit of a cyclopeptide. It adopts a distorted T-shaped geometry (d Hg-Cl = 2.22(3) Å and 2.32(2) Å, d Hg-N = 2.38(3) Å, Cl-Hg-Cl angle of 165.7(9)°a nd Cl-Hg-N angles of 88.7(10)°and 104.1(11)°) (Fig. 3b) . It should be noted that the site occupancy for Hg2 is 0.5. The latter acts as a terminal metallic centre, and thus not as a node of the network. In marked contrast, Hg1 behaves as a three-connecting node leading to the formation of the extended periodic network. The pentacoordinated Hg1 adopts a distorted trigonal bipyramidal geometry. The trigonal base is occupied by two chloride ions and one N py atom belonging to one pyridyl moiety of 2 (d Hg-Cl = 2.323(6) Å and 2.337(7) Å, It is worth noting that, although the Hg-O distance of 2.81 Å is rather long, it is less than the sum of the O and Hg van der Waals radii and thus may be considered as a bonding interaction. The overall connectivity of the network 2·HgCl 2 ·CH 3 OH is rather complex. In order to simplify its description, we shall first consider only the Hg-N connectivity. Based on this type of bonding, a trimeric unit composed of one central and two peripheral tectons 2 is spotted. The central cyclic peptide is connected to the two peripheral tectons by two 5-coordinated Hg1 atoms. The two peripheral tectons are capped by the 3-coordinated Hg2 atom with an occupancy of 0.5 ( Fig. 3c and d) . The two N py atoms of the central cyclopeptide are oriented divergently and both are located at the trigonal base of two distinct Hg1 atoms. The two pyridyl moieties of the peripheral tectons 2 behave differently since one of them occupies the axial position of the 5-coordinated Hg1, whereas the second one is coordinated to the terminal 3-coordinated Hg2. The two peripheral cyclopeptides exhibit angles between the mean planes of the aromatic rings of ca. 57.5°comparable with the one observed for the free tecton 2. However, for the central cyclopeptide, a smaller angle of ca. 38.3°is observed. Within the trimeric units, the three cyclopeptides are not coplanar, preventing thus the formation of a zigzag architecture as observed for 1·HgCl 2. The bridging of consecutive trimeric units through Hg-O(C) bonds leads to the formation of a 1D coordination network. Indeed, consecutive trimeric units are interconnected through Hg1-O(C) bonds between one peripheral tecton 2 and Hg1 (Fig. 3a) . As the two 5-coordinated Hg1 atoms of one trimeric unit are coordinated to two different CO groups belonging to two different trimeric units in a divergent orientation, a 1D coordination network is generated. Consecutive 1D networks are packed in a parallel fashion with MeOH solvent molecules occupying the empty space (see the ESI †). The purity of the microcrystalline phase obtained was again checked by PXRD which revealed a good match between the recorded and simulated patterns using the single crystal data (see the ESI †).
In conclusion, two new enantiopure L-proline based cyclopeptides bearing either 4-pyridyl or 4-phenylpyridyl units have been synthesised. Combinations of tectons 1 or 2 behaving as chiral V-shaped coordinating tectons with CdCl 2 or HgCl 2 metallic nodes afforded three homochiral coordination polymers. Although both tectons are rather rigid, owing to the cyclic nature of their backbone and depending on the distance between the two pyridyl units, either a 2D hybrid H-bonded/ coordination network or a 1D coordination architecture is obtained. Efforts towards the formation of other coordination networks using cyclic peptide-based tectons and other metal centres are currently under way.
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Notes and references ‡ 1: single crystals obtained by slow evaporation of a solution of 1 in a 2/2/1 mixture of CH 2 Cl 2 /MeOH/EtOH; 2: single crystals of 2 grown upon cooling a hot saturated MeOH solution containing the cyclopeptide 2 (see the ESI †). § 1·CdCl 2 : single crystals obtained by slow diffusion of a solution of CdCl 2 ·2.5H 2 O in MeOH into a solution of 1 in a mixture of CH 2 Cl 2 /MeOH followed by solvent evaporation; 1·HgCl 2 : single crystals obtained by slow diffusion of a HgCl 2 solution in MeOH into a solution of 1 in a mixture of CH 2 Cl 2 /MeOH; 2 ·HgCl 2 ·CH 3 OH: single crystals obtained by slow diffusion of a HgCl 2 solution in MeOH into a solution of 2 in CH 2 Cl 2 /MeOH followed by slow solvent evaporation (see the ESI †).
